ABSTRACT: The present light microscopic lectin histochemical study suggests for the first time that the vertebrate gonadotropin-like substance in the basal part of the epithelial cells of Hatschek's pit is d sialic acid-containing glycoprotein. The binding intensity of the epithelial cells in Hatschek's pit to 6 lectins (Limulus polyphemus agglutinin (LPA), Wheat germ agglutinin (WGA), Helix pomatia agglutinin (HPA). Concanavalin A (Con A), Ulex europaeus agglutinin I (UEA I) and Ricinus cornmunis agglutinin I (RCA l)) indicate that the carbohydrate composition of the gonadotrophic glycoprotein is similar to that of mammals and fish, and that N-acetyl-D-galactosamine, sialic acid, glucosamine, D-mannose anti L-fucose are components of the carbohydrate portion.
INTRODUCTION
Since the original electron microscopical observation by Tjoa & Welsch (1974) of small granules and vesicles at the basis of the epithelial cells of Branchiostoma lanceolaturn, growing evidence for an endocrine function of this organ has accumulated. Chang et al. (1982) demonstrated for the first time using an immunocytochemical technique that Hatschek's pit in Branchiostoma belcheri can synthesize a mammalian LH-like gonadotropic substance. Using both cytological and endocrinological experimental methods, Fang & Qi (1989) demonstrated that certain epithelial cells of Hatschek's pit may be the primitive gonadotropic cells of Branchiostoma. More recent work has demonstrated, by means of immunocytochemical techniques, that Hatschek's pit elaborates mammalian and fish gonadotropin-like substances (Nozaki & Gorbman, 1992; Fang, 1993) . Biochemical analyses indicate that the glycoprotein gonadotropic hormones of vertebrates contain sialic acid and other carbohydrates (Burzawa-Gerard & Fontaine, 1972) . Sialic acid may be essential for the biological activity of gonadotropin (Grimek et al., 1976; Grimek et al., 1979) . So far, no attempts have been made to characterize the gonadotropic substance in Hatschek's pit of Branchiostoma. It is not known whether the gonadotropin of Branchiostoma is also a glycoprotein, and whether its carbohydrate composition is similar to that of vertebrates. We used LPA (Limulus polyphemus agglutinin; Roche et al., 1975; Quatacker et al., 1990) for the histochemical detection of sialic acid in the glycoproteins of Hatschek's pit. LPA has been described to provide a means of identifying FSH (follicle stimulating hormone)-producing cells in mammalian pituitaries (Komuro & Shioda, 1981) . In addition, other lectins (WGA, HPA, Con A, UEA I and RCA I) have been used in the present study for further characterization of the secretory product of Hatschek's pit. Lectin histochemical techniques have been successfully applied to the analysis of secretory products in other endocrine systems (Komuro, 1987; Perez & FernandezLebrez 1989) . The purpose of the present study is to understand the biochemical characteristics of Branchiostoma's gonadotropin and to provide new evidence for the evolution of this glycoprotein hormone.
MATERIAL AND METHODS
Branchiostoma belched Gray (Amphioxus) were collected during winter and spring along the Qiontou coast, Tongan Country, Xiamen, in southern China. A total of 20 animals of both sexes, ranging from 47 to 56 mm in length, were used for this study.
The animals were fixed for 24 h in freshly prepared Bouin's solution; the tissue samples were dehydrated through a graded ethanol series and subsequently embedded in paraplast. Serial sections of 2-5 Bm were mounted on glass slides. Sections that included Hatschek's pit were identified with a low magnifying microscope and selected for light microscopic carbohydrate histochemical staining.
Lectin histochemistry
Limulus polyphemus agglutinin (LPA), Wheat Germ agglutinin (WGA), Helix pomatia agglutinin (HPA), Concanavalin A (Con A), Ricinus communis agglutinin I (RCA I) and Ulex europaeus agglutinin I (UEA I) labeled with peroxidase (PO) were obtained from Sigma (Mfinchen, Germany) and used in this study. Deparaffinized sections were incubated with the peroxidase labeled lectins (POLT) using a 1:25 or 1:40 dilution made with 0.05 M Tris Buffer Saline (TBS), pH 7.6 for 1 h at room temperature. After washing with TBS, all sections were immersed in 3', 3'-diaminobenzidine (DBA, 0.5 mg/ml) -H202 (0.005 %) for 10 rain, rinsed with distilled water, dehydrated and mounted.
The specificity of the obtained staining was tested by preincubating the lectins in a solution of the appropriate inhibitory sugar: D-mannose for Con A, L-fucose for UEA I, Dgalactosamine for HPA; the specificity of LPA was tested according to Komuro & Shioda (1981) . The concentration of the inhibitory sugar was 0.3 M. All inhibitory sugars were purchased from Sigma. Furthermore, the activity of endogenous peroxidase was checked by tissue sections reacting with DAB only.
RESULTS
In Branchiostoma belched, Hatschek's pit consists of three kinds of epithelial cells (Fang & Qi, 1989) : (1) (Fig. lb) . 3. WGA-PO bound strongly to granules in the apical cytoplasm and to the basal part of epithelial cells of Hatschek's pit (Fig. lc, d ). 4. Con A-PO labeled strongly or moderately the cytoplasm and cell periphery of the deep epithelial cells. 5. For UEA I-PO there was a moderate but specific binding in the apical cytoplasm and in the secretory granules of the basal parts of the deep epithelial cells. 6. RCA I-PO occasionally bound faintly to the cytoplasm and cellular periphery in the basal parts of the deep epithelial cells. The LPA-PO binding intensity in the basal parts of the epithelial cells of Hatschek's pit in the different stages of the gonadal development exhibited differences. In animais with stage I gonads, the LPA-specific binding intensity in the basal parts of the epithelial cell is not so strong (Fig. 2 ) as in animals with stage IV gonads (Fig. la) .
DISCUSSION
The investigation of Mazzuca et al. (1977) and Yamada & Shimizu (1979) have shown that LPA can be used to demonstrate the presence of sialic acid residues in peptides in various cells and tissues. Accordingly, we used this lectin for detection of sialic acid residues in Hatschek's pit of Branchiostoma, which has been claimed to produce gonadotropic hormones (Chang et al., 1982; Nozaki & Gorbman, 1992; Fang, 1993) . Sialic acid is essential for biological activity of vertebrate gonadotropin (Grimek et al., 1976; Grimek et al., 1979) . Therefore, LPA, which has been used for localisation of FSH-secreting cells in the mammalian adenohypophysis (Komuro & Shioda, 1981) , has also been used for localisation of gonadotropic ceils in amphioxus. LPA exhibits strong binding in the cytoplasm of the epithelial cells in the depth of Hatschek's pit. In the controls these cells did not bind LPA. No staining occurred in the other cell types of Hatschek's pit. The LPA-binding site is coincident with the region of previously established localization of assumed gonadotropic cells of Branchiostoma by electron microscopy and physiological methods (Fang & Qi, 1989) as well as immunocytochemical localization using antibodies of m a m m a l i a n and fish gonadotropin (Chang et al., 1982; Nozaki & Gorbman, 1992; Fang, 1993) . By demonstrating LPA-binding to epithelial cells in Hatschek's pit, it appears possible to suggest that B r a n c h i o s t o m a ' s gonadotropin, like that of vertebrates, is also a sialic acid-containing glycoprotein hormone. The binding pattern of HPA, WGA, Con A and UEA I in Hatschek's pit is similar to that of LPA, giving a strong or moderate binding reaction. It is k n o w n that HPA recognizes N-acetyl-D-galactosamine (Hammarstr6m et al., 1977; Debray et al., 1981) ; WGA recognizes N-acetyl-D-glucosamine (Spicer & Schulte, 1992; Araujo et al., 1993) ; Con A recognizes D-mannose (Goldstein & Poretz, 1986) ; and UEA I recognizes L-fucose (Sugii et al., 1982; Araujo et al., 1993) . This observation indicates, in addition to sialic acid, the presence of other carbohydrates in B r a n c h i o s t o m a ' s gonadotropin, including D-galactosamine, D-glucosamine, D-mannose and L-fucose. This situation is similar to that of the vertebrate gonadotropin. There is a difference concerning the presence of fucose, as indicated by the binding of UEA I which is not present in m a m m a l i a n FSH and fish gonadotropin; m a m m a l i a n LH, however, contains fucose (Burzawa-Gerard & Fontaine, 1972) . It is interesting to note that RCA I, which recognizes galactose, b o u n d only occasionally and faintly to basal epithelial cells of Hatschek's pit. This observation corresponds to the findings of Burzawa-Gerard & Fontaine (1972) according to which galactose is not a component of vertebrate gonadotropin. It appears as though in spite of the vast phylogenetic differences b e t w e e n B r a n c h i o s t o m a and teleosts and mammals, the gonadotropins in these groups are comparatively similar. B r a n c h i o s t o m a ' s gonadotropin seems to have no species specificity (Fang & Wang, 1984) , and the molecular structure of B r a n c h i o s t o m a ' s gonadotropin possibly resembles
